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Morphological Studies in the Benzene Series. IV. — The Crys- 
talline Form of Sulphonates in Relation to their Molecular 
Structure. 

By E. H. Kodd, B.Sc, Salters' Company's Eesearch Fellow, City and 

Guilds College. 

(Communicated by Prof. H. E. Armstrong, F.E.S. Eeceived July 3, 1913.) 

In Part III of these studies, in which a number of isomorphous paradi- 
bromobenzenesulphonates of the rare earth metals (La, Ce, Nd, Pr, Gd, Sm) 
are described crystallographically,* the conclusion was arrived at that in 
these salts three of the benzenesulphonic groups, together with 9 or 12 mole- 
cules of water, are disposed symmetrically in a plane around a central atom 
of the tervalent metal. Molecular units presumably of this kind are packed 
together in a structure one dimension of which corresponds to the thickness 
of a single benzene complex observed in numerous substituted benzene 
derivatives, such as diiodobenzene, for example ; as was pointed out, the salts 
under consideration may be regarded, in fact, as derived from benzene merely 
by the pushing apart of the zigzag columns of carbon domains, depicted by 
Barlow and Pope as characteristic of the hydrocarbon, in such manner as to 
allow of the introduction of the substituting groups present in the sulphonate 
in addition to benzene. 

In view of this result, it was desirable to determine the crystalline structure 
of the acid from which the salts were derived as well as of salts containing 
metals of other degrees of valency. Numerous unsuccessful attempts were 
made to obtain measurable crystals of the paradibromo-acid ; ultimately, good 
crystals were secured of the corresponding dichloro-acid and of its lanthanum, 
neodymium and praseodymium salts. 

The measurements made of these salts, together with those of several 
related salts, are described in the following section ; the issues are discussed 
under the headings : — 

(1) The isomorphism of the dichloro- and dibromobenzenesulphonates. 

(2) The morphotropic relationship of dibromobenzenesulphonates to the 
unsubstituted salts. 

(3) The relationship of the two gadolinium jp-dibromobenzenesulphonates 

* " Paradibromobenzenesulphonates (Isomorphous) of the ' Rare Earth ' Elements — a 
Means of Determining the Directions of Valency in Tervalent Elements," by H. E. 
Armstrong and E. H. Rodd, ' Roy. Soc. Proc.,' 1912, A, vol. 87, p. 204. 
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(7H 2 and 12H 2 0) with reference to the change of structure induced by 
changes in the degree of hydration. 

Lanthanum p-dichlorobenzene$ulphonate i La^H^C^S 03)3.1 5H2O. — This 
hydrate is deposited at all temperatures between 10° and 50° C. from a 
solution of the salt. It consists of anorthic prisms or tables which effloresce 
quickly on exposure to air. The forms <x{100},^{101} and c{001} constitute 
the prism faces, the other forms developed being #{010}, ^{011} and 
occasionally #{111}. The crystal faces are never very well developed, and 
usually give multiple reflections. There is a distinct cleavage parallel to &{100}. 

Water : Found 25*26 ; calculated 24*84 per cent. 

System : Anorthic. 

Axial ratios : a:h:c = 1*6193 : 1 : 1*6028. 

a = 76° 26' ; = 113° 48' ; 7 = 68° 6'. 



Angle. 


No. of 
observations. 


Limits. 


Mean 
observed. 


Calculated. 


100 : 101 

101 : 001 
001 : 100 

100 : 010 
010 : 110 
110 : 100 
001 : 010 
010 : 001 

101 : 010 
010 : 111 
111 : 101 
001 : 110 
110:301 
101 : 001 


16 

13 

20 

14 

7 

7 

7 

7 

5 

1 

1 

2 

2 

2 


53° 12'— 54° 7' 
56 28 —57 14 
69 1 —70 

71 24—72 21 
37 47 —38 22 

69 37—70 23 
84 5 —84 32 
95 42—96 2 
68 30—68 43 

70 41—70 56 
36 20 —36 48 

72 29 —72 40 


53° 44' 
56 49 

69 29 

71 46 
38 6 

70 8 
84 14 
95 49 
68 36 
43 5 
68 19 
70 49 
36 34 

72 34 


56° 47' 

70 8 
84 18 

95 42 

43 3 
68 21 
70 59 
36 39 
72 22 



Neodymium p-dichlorobenzenesulphonate, Nd(C 6 H3Cl 2 S03)3.12H 2 0. — This 
hydrate is deposited when an aqueous solution of the salt is allowed to 
crystallise at any temperature between the ordinary and 50° C. It forms 
rose-coloured, short, thick or flat prisms, the prism zone consisting of the 
forms Z{010}, m{110} and w{120}; the faces upon this zone are always 
much striated and give multiple reflections. The facets at the ends of the 
prism, consisting of the forms r{011} and o{101), are beautifully developed 
and give good single images (see fig. 1). 

The crystals are closely isomorphous with those of the gadolinium salt, 
Gd(C 6 H3Br2S03)3.12H 2 ; but the two salts differ slightly, thus : 

(1) whilst the gadolinium salt has a tabular habit, the neodymium salt is 
prismatic, being elongated in the direction of the c axis ; 

(2) the form {120} is occasionally developed in the neodymium salt but 
not in the gadolinium salt, in which the form {130} is sometimes present. 
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Water: Found 21*00 ; calculated 20*89 per cent. 

System : Mono symmetric. 

Axial ratios : a:b:c = 0*5872 : 1 : 0-3810. /3 = 76° 34'. 



Angle. 


No. of 
observations. 


Limits. 


Mean 
observed. 


Calculated. 


010 : Oil 
011:011 
010 : 120 
110:011 
Oil : 101 
101 : 110 
010 : 101 


15 

7 

8 

34 

14 

14 

4 


69° 34'— 69° 45' 
40 37 —40 47 

40 31 —42 27 

68 46—68 50 

41 6 —41 12 

69 58 —70 4 
89 55 —90 4 


69° 40' 

40 41 

41 17 
68 48| 
41 10* 
70 1 
90 


40° 40' 
41 12 

41 10J 

90 




Fig. 1.— Nd(C 6 H 3 Cl 2 S0 3 )3.12H 2 0. 





Fig. 2.— Gd(C 6 H 3 Br 2 S0 3 ) 8 .7H 2 0. 



Praseodymium p-dichlorobenzeneaulphonate, Pr( C6H3OI2S 03)3.1 2 H2O. — This 
hydrate, like that of the corresponding neodymium salt with which it is 
isomorphous, is deposited at temperatures between 10° and 50° 0. The 
crystals, which are of a pale green colour, resemble those of the neodymium 
salt in habit but are not so well developed. The zone [010 : 120 : 110] is 
invariably badly striated. 

Water: Found 20*71 ; calculated 20*81 per cent. 

System : Monosymmetric. 

Axial ratios : a : I : c = 0*5887 : 1 : 0*3819. /3 = 76° 26 / . 
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Angle. 


No. of 
observations. 


Limits. 


Mean 
observed. 


Calculated. 


010 : Oil 
Oil : Oil 
110 : Oil 
Oil : 101 
101 : 110 
010 : 120 
120 : 110 
110:110 


21 
9 
10 
11 
9 
3 
1 
3 


69° 24'— 69° 57' 

40 27 —40 53 

68 24—68 48 

41 3 —41 32 

69 43 —70 28 
41 1 —41 30 

59 25 —59 34 


69° 38' 

40 43 
68 40 

41 13 
70 5 
41 14 
19 10 
59 29 


40° 44' 

70 7 
41 9 
19 4 
59 34 



Pr(C6H3Cl2S03)3.15H 2 0. — When a strong, apparently supersaturated 
solution of praseodymium p-dichlorobenzenesulphonate was allowed to 
crystallise spontaneously at room temperature, on two occasions, together 
with the massive crystals of the doclecahydrate, a few smaller crystals were 
obtained in the form of hexagonal plates ; when examined these were found 
to be anorthic and closely isomorphous with the salt La^HsC^SOs^.lSH^O 
they must be taken, therefore, to contain 15H 2 0, although they have not 
been obtained in sufficient quantity for analysis. Like the crystals of the 
corresponding Lanthanum salt, they gradually become opaque when kept. The 
crystals were so poorly developed that a complete examination could not be 
made. A corresponding hydrate of the neodymium salt has not been 
observed. When the crystals are allowed to remain in contact with the 
solution they are gradually converted into the dodecahydrate. 

Gadolinium p-dibromobenzenesulphonate, Gd(C 6 H 3 Br2S03)3.7H20. — This 
hydrate was described in Part III of these studies but crystals have been 
obtained only recently on which the forms were developed that are necessary 
for the determination of the axial ratios. These were deposited from water 
at 45° C. The heptahydrate forms very massive monosymmetric prisms ; 
the faces are always striated and seldom give good reflections. The forms 
generally occurring are a{100},^{110}, r{120} and d{101}. Another form 
is required for the complete determination of the crystal constants ; on a few 
occasions #{101} was observed and still more rarely m{122}. The crystals 
are elongated in the direction of the c axis. There is a perfect cleavage 
parallel to a{100} (see fig. 2). 

System: Monosymmetric. 

Axial ratios : a : b : c = 1*2595 : 1 : 0-6031. /3 = 89° 16'. 



VUJu. IjXXXIX. A., 
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Angle. 


JNO. 01 

observations. 


Limits. 


Mean 
observed. 


Calculated. 


100:110 


14 


51° 


17'— 51° 


55' 


KiQ qq/ 

ox. on 




110 : 120 


7 


16 


21—17 


2 


16 47 


16° 48' 


100 : 120 


8 


68 


12—68 


*xJL 


68 20 


68 21 


120 : 120 


TO 


, 42 


58—43 


29 


43 15 


43 18 


100 : 101 


*J* ■Xt 


[ 63 


14—64 


19 


63 49 


— 


101 : 101 


5 


50 


28—51 


35 


51 11 


— . 


101 : 100 


&£ 


f 64 


28—65 


13 


64 33 


65 


110 -.101 


5 


74 


11—74 


dw 


74 22 


74 5 


120 : 101 


5 


80 


20—80 


58 


80 44 


80 38 


101 : 122 


3 


31 


45—32 


6 


31 54 


32 24 { 


100 : 122 


3 


77 


42 —77 


45 


77 44 


77 48 



Didymium benzenesulphonate, Di(C 6 H 5 S03)3.9H20.— This hydrate has been 
described by Holrnberg but not measured.* It is very soluble in water and 
generally separates from the aqueous solution as a crystalline mass ; a few 
measurable crystals were obtained from a mixture of aqueous alcohol and 
ethylic acetate in the form of very thin hexagonal shaped plates. Water was 
estimated in the salt crystallised from this solution ; found 20*74 per cent. ; 
calculated for D^CeHsSOs^B^O, 20*90 per cent. 

The most prominent form on the crystals is a{100} ; other forms developed 
are r{101}, o{lll}, and more rarely j?{322}. Measurable crystals were 
difficult to obtain and were always imperfect. The cleavage is parallel to 
a{100} (see fig. 3). 

System : Orthorhombic, Axial ratios : a : b : e = 2*0795 ; 1 : 1*9374. 



Angle. 


ISO, 01 

observations. 


Limits. 


Mean 
observed. 


Calculated. 


100 : 101 


11 


46° 


32—47° 


30' 


. 47° 2' 




101 : 101 


6 


85 


14—86 


48 


85 51 


85° 56' 


100 an 


7 


66 


40—66 


57 


66 52 


— * 


111 : 111 


3 


46 


16—46 


24 


46 18 


46 16 


100 : 322 


3 


57 


9—57 


33 


57 24 


57 20 


101 : 111 


3 


54 


25—54 


38 


54 31 


54 48 



The Isomorphism of Dichhro- and Dibromobenzenesulphonaies. — From the 
measurements given above, it is obvious that praseodymium and neodymium 
p-dichlorobenzenesulphonate dodecahydrate are very closely isomorphous 
with gadolinium p-dibromobenzenesulphonate dodecahydrate. This relation- 
ship is of prime importance as proof that the three metals and the two 
halogens respectively are mutually displaceable in such salts. The following 
values speak for themselves : — 



* ' Zeit. anorg. Ghem.,' vol, 53, p* 83* 
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Salt. 


Axial ratios. 
a : b : c 


£. 


Equivalence parameters. 
x : y : z 


Gd(C 6 H 3 Br 2 S0 3 ) 3 .12H 2 

Nd(C 6 H 3 Cl 2 S0 3 V12H 2 
Pr(C 6 H 3 Cl 2 S0 3 ) 3 .12H 2 


'5952 : 1 : '3817 
'5872 : 1 : '3810 
'5887 : 1 : '3819 


76° 48' 
76 34 
76 26 


6 '1415 : 10 -3885 : 2 '6257 
6 -0921 : 10 '3750 : 2 '6352 
6 '0988 : 10 '3598 : 2 '6376 



Attention may be specially directed to the fact that the z parameter has a 
value very closely approximating to the value 2*642 observed in 2?-diiodo- 
benzene, which is characteristic, according to the Barlow-Pope hypothesis, of 
the rhombohedral marshalling in benzene derivatives generally. 




Fig. 3.— Di(C 6 H 6 S0 3 ) 3 .9H 2 0. 




Morphotropic Relationship of Substituted and Uhsubstituted Benzene- 
sulphonates. — It is to be expected that didymium benzenesulphonate, which 
crystallises with nine molecules of water, would bear a close relationship to 
the corresponding neodymium salt, Nd(C6H3Br2S03)3 . 9H 2 0. This expecta- 
tion is fully realised. The benzenesulphonate is orthorhombic, the axial 

ratios being 

a:b:c = 2*0801 : 1 : 1*9374, 

whilst the neodymium j?-dibromobenzenesulphonate is also orthorhombic 

a':b':c' = 1*3990:1:0*8789. 

When the crystals of the two salts are compared, two significant facts are 
noticeable : firstly, that the ratio a' : V is almost exactly two-thirds of a : b ; 
.secondly, that angles on one of the corresponding zones of the two crystals 
are practically identical. Thus, in the case of the didymium benzene- 
sulphonate, we have 

{100}: {101} =47° 2', 

and in that of the dibromobenzene sulphonate 

{100}: {301} = 46° 42'. 
If in the benzenesulphonate {101} be changed to {301} and at the same time 

2 A 2 
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the ratio a : b be multiplied by two-thirds, the axial ratios of the salt become 

a:b:c = 1-3868:1:0*8611, 

i.e. almost identical with those of the neodymium p-dibromobenzene- 
sulphonate. Moreover, the pseudo-trigonal character of the salt is revealed, 
as the ratio c: b is very nearly equal to the value 0*866:1, characteristic of 
trigonal symmetry.* The equivalence parameters of the benzenesulphonate 
deduced from the actual ratios thus arrived at, in comparison with those of 
the neodymium p-dibromobenzenesulphonate, are as follows :— r 

x y z 

Nd(C 6 H 3 Br 2 S0 3 )3.9H 2 2*6475 : 5*6.773 : 9*9796 

Di(C 6 H 3 S0 3 )3.9H 2 2*6502.: 5*7327 : 9*8729 

The close similarity between the structures of the two salts is immediately 
obvious from these figures.f 

Relationships Consequent on Changes in the Degree of Hydration of 
Sulphonates. — The relationship between the dodecahydrates of gadolinium 
p-dibromobenzenesulphonate and the nonahydrate of dibromobenzene- 

* Of. Part III, p. 213. 

+ In calculating the equivalence parameters of the acid, it is necessary first to modify 
the axial ratios by multiplying a by three-quarters and c by 2. As objection is some- 
times made to this mode of treatment by those who do not clearly appreciate the flexible 
character of axial ratios, it may be as well to refute these objections here. The axial 
ratios of a crystal may be denned as the relative distances from the centre of the crystal 
at which the form which is designated (111) cuts the three axes. In all systems but the 
cubic, the choice of (111) is to a certain extent arbitrary : the lower the symmetry of the 
system, the wider is the range of choice. For instance, in the case of the monosymmetric 
sodium j9-dichlorobenzenesulphonate described in this paper, there was a wide choice : a 
particular form was chosen as (111) and others then became (322) and (122) ; but there 
was no reason why either of these others should not have been made (111) ; if (322) had 
been called (111), the axial ratio a : b would have had two-thirds its present value. 
Moreover, we are at present entirely ignorant of the causes determining what 
particular forms shall develop on the crystal and there is no a priori reason why these 
should always be the simplest possible forms. In view of these considerations it is not 
therefore surprising that in most cases, when dealing with orthorhombic and mono- 
symmetric crystals, some slight modification of the interpretation originally given to the 
measurements is necessary, in order that morphotropic relationships between different, 
substances may be revealed in the equivalence parameters. 

Without guidance from previous knowledge and a general idea of the relationship 
sought, it would be impossible to discover the morphotropic relationships pointed out in 
this paper. Fortunately Barlow and Pope have worked out the structure of crystalline 
benzene on incontrovertible evidence and a relationship to benzene is first looked for. 
"When this is found, it is generally accompanied by other significant relationships which 
serve to enhance the probability of the correctness of the results obtained. This was 
particularly well illustrated in the case of the acid and salt just discussed, as the very 
close structural relationship of acid to salt is apparent only when the x parameters of the 
two agree with the z parameter of rhombohedral benzene. 



Morphological Studies in the Benzene Series. 299 

sulphonate of several other metals was discussed in the previous com- 
munication. The heptahydrate now described is apparently very different 
in form. It crystallises in the monosymmetric system, the axial ratios being 

a : b : c = 1-2595 : 1 : 0-6031 ; /3 = 89° 16'. 

The markedly pseudo-trigonal structure, which was a feature of the 
nona- and dodeca-hydrates, is no longer apparent ; this is to be expected, as 
the number 7, the number of molecules of water contained in the salt, is 
incompatible with three-fold symmetry. When the equivalence parameters 
of the salt are calculated, the axial dimension b being doubled, the following 
values are obtained : — 

x : y : z = 5*7160 : 9*0768 : 2'7373. 

The z parameter approaches closely that of crystalline benzene, 2*780 ; it 
therefore appears probable that this salt may be derived from the benzene 
structure of hexagonal marshalling (z = 2*780), and not from the alternative 
rhombohedral marshalling (z = 2*64 about), as are the other salts. From 
the general similarity of the parameters of the heptahydrate to those of the 
other hydrates, it is to be inferred, however, that the molecules of all these 
salts have very similar configurations, and differ merely in being derived 
from the two forms of benzene, the difference being due, therefore, only to 
the manner in which the successive layers of molecules are superimposed one 
upon another. 

The Relationship in Crystalline Form of p-Dichlorobenzenesulphonic Acid and 

the Sulphonates of Tervalent Metals. 

In view of the conclusions arrived at in the previous sections and in 
Part III of these studies, it appears probable that the crystalline structure 
of the rare earth salts generally of benzenesulphonic acid and its halogen 
derivatives always conforms to one type, the type being one in which three 
sulphonic groups are symmetrically arranged around a central atom of the 
metal. In the case of such salts, the arrangement must be largely deter- 
mined by the metal ; in the case of the acid, the attractive tendencies of the 
constituent radicles are chiefly operative: as chemical methods throw but 
little light on such a problem, the study of crystalline form becomes of 
special importance, as a means of determining the directions in which the 
forces act in the formation of solids. 

p-Dichlorobenzenesulphonic Acid, C6H3CI2SO3H.3H2O. — Crystals are best 
grown from a solution containing a little sulphuric acid, which reduces the 
solubility of the sulphonic acid considerably. The crystals are usually 
aggregates of prisms, rarely separate. The prism zone is made up of the 
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forms I {010}, r {110} and a{100}, the last being sometimes undeveloped. 
The prism end is formed by the two faces of thecoma ^{011} (see fig. 4). 




Fig. 4.— aH,CLSO,H.3H 9 0. 



'e^s 



System : Monosymmetric. 

Axial ratios : a : h : c = 0*6255 : 1 : 0'2918. /3 = 79°-36'. 



Angle. 


No. of 
observations. 


Limits. 


Mean 
observed. 


Calculated. 


010 : 110 


25 


58° 


12'— 58° 


40' 


58° 24' 




110 : 110 


10 


62 


47— 63 


25 


63 13 


63° 12' 


110:100 


9 


31 


24— 31 


50 


31 36 


31 36 


010 : Oil 


13 


73 


48 — 74 


10 


73 59 


— 


Oil : Oil 


5 


31 


49—32 


10 


32 


32 2 


110:011 


o 


72 


52— 73 


7 


73 


— 


Oil : 110 


5 


106 


53 —107 


14 


1U7 2 


107 


110:011 


6 


90 


1—90 


30 


90 17 


90 11 


Oil : 110 


6 


89 


33— 89 


55 


89 43 


89 49 



As the j9-dibromobenzenesulphonates of La, Nd and Pr crystallise with 
nine molecules of water — three molecules per acid radicle — they are the salts 
with which the acid can best be compared, as no^-dichlorobenzenesulphonates 
containing this proportion of water are known. 

On contrasting the axial ratios 

a b c 

La(C 6 H 3 Br 2 S0 3 )3.9H 2 (orthorhombic) 1-3965 : 1 : 0*8753 

H(C 6 H 3 C1 2 S0 3 ).3H 2 (monosymmetric) 0*6255 : 1 : 0*2918 
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it is obvious that the ratio c: h of the salt is exactly thrice that of the acid. 
This result is of special importance, inasmuch as each group in the molecule 
of the acid is repeated three times in that of the salt, the valency volume of 
the latter being therefore three times that of the acid. When the equivalence 
parameters of the acid are calculated and compared with those of the salt 
the following values are obtained : — 

W os y z 

H(C fl H 8 Cl a S0 8 ).3H a O 50 2*6763 : 5*7050 : 3*3296 

La(C 6 H 3 Br 2 S0 3 )3.9H 2 150 2*6480 : 5*6885 : 9*9582 

It can be seen that the dimensions of the assemblage are practically 
identical in two directions and that the third dimension is exactly three 
times as great in the salt as in the acid. The significance of the values 
given under x will be obvious. 

If as the crystal unit of the acid we take that of three molecules having a 
valency volume equal to that of the salt and calculate the equivalence 
parameter of the acid on this basis, values are obtained which are immediately 
comparable with those of the salt, viz., 

x:y:z = 2*6763 : 5*7013 : 9*9880. 

In other words it appears to be legitimate to assume that the crystalline 
structure of the acid is pseudo-trigonal like that of the salt of a tervalent 
metal — that is to say, that three molecules of acid act in conjunction. If such 
be the case, the formation of the salt from the acid involves merely the 
displacement of three adjacent hydrogen atoms, each of unit volume, by 
a single atom of metal of three times the volume valency of the hydrogen 
atom. The fact that the symmetry is changed from monosymmetric to 
orthorhombic in the passage from acid to salt is proof that the equivalence 
though not absolute is very close; apparently the metal has the effect of 
rendering the arrangement slightly more symmetrical. 

Assuming, in the case of the acid, that the molecules are disposed in 
groups of threes, the crystalline form is evidence of an attractive influence 
exerted at the moment of crystallisation, if not in the solution, which causes 
the sulphonic radicles to set radially, so that a mass of the acid (or of the salt 
of a rare earth metal) can be regarded as a mosaic of triangular groups each of 
which has its centre occupied by three sulphonic radicles. 

Further justification of these conclusions is afforded by the following 
argument: The structure assigned by Barlow and Pope to the form of 
benzene in which the crystal units are packed together in rhombohedral 
marshalling is that given in fig. 5. Such a structure has rhombohedral 
symmetry, the point O, around which are grouped three small or hydrogen 
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spheres, being an unique point of the structure from which emerges a 
trigonal axis perpendicular to the plane of the paper. For the present 
purpose it is sufficient to consider only the three benzene units outlined in 
the figure which are disposed symmetrically about the point 0. If the 
three hydrogen spheres at be removed in order to make room for three 
sulphonic groups, the whole structure is expanded ; if the expansion take 




Fig. 5. 



place symmetrically, so as to make room for three sulphonic groups together 
with nine molecules of water, the structure would assume the appearance 
shown diagrammatically in fig. 6. This figure is drawn strictly to scale, the 
shaded area representing the space which would be occupied by the acid 
groups and the water assuming that no expansion took place in a direction 
perpendicular to the plane of the paper. The heavily outlined figure there- 
fore represents the crystal unit of the acid or of a " corresponding " salt. 
It is highly probable that when such units are packed together, they are 
more or less compressed in one direction or another according to the nature 
of the radicle at and that the crystal retains trigonal symmetry more or 
less completely according to the influences at work at each centre. Presum- 
ably the complex would assume an approximately triangular shape through 
compression and its outline would be approximately such as is represented 
by the broken line triangle. In constructing the diagram the figure was 
drawn to scale, using the x and y values of benzene in deducing the hydro- 
carbon areas and assigning to the shaded space an area (the valency volume 
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divided by the vertical dimension of rhombohedral benzene, z =2*64) corre- 
sponding to the valency volume of the sulphonic groups, the metal and the 
nine molecules of water. In drawing the triangle subsequently, the areas 
cut off were balanced against those included outside the figure. It is very 



=Mc»- M 




noteworthy that the length AD in the figure thus constructed is practically 
identical with the y value of the acid referred to three molecules ; also that 



the length AF is that of the z value. 



The Influence of Monad and Dyad Metals on the Crystalline Structure of 

Benzenesulphonates. 

In this section measurements are given of the potassium, sodium and 
zinc salts of jp-dichlorobenzenesulphonic acid. The results are discussed 
together with those obtained by Weibull,* who has measured a large number 
of benzenesulphonates and tolueneparasulphonates. 

Potassium p-dichlorobenzenesulphonate, C6H3CI2SO3K. — This salt was 
described by Lesimplet as crystallising with one molecular proportion of 
water. I find it to be anhydrous. It crystallises from water at tempera- 
tures from 20° to 37° C. in thin monosymmetric prisms; as a general rule, 
each prism consists of two individuals twinned on a{100}. The twin plane 
is a good plane of cleavage. The face a{100} is always badly striated and 
useless for purposes of measurement but the a face obtained by cleavage 

* ' Zeit. Kryst. Min..' vol. 15, p. 234. 
t * Zeit. Chem.,' 1868, p. 226. 
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gives good reflections. The forms p{ 110} and r{122} give brilliant reflec- 
tions ; c£{102} is sometimes developed, but usually as a mere line (see fig. 7). 

Potassium : found 14*78 ; calculated, 14*75 per cent. 

System: Monosymmetric. 

Axial ratios : a : b : c = 1*5054 : 1 : 0*7636. /3 = 83° 27£'. 



Angle. 


No. of 
observations. 


Limits. 


Mean 
observed. 


I 
Calculated. 


110 : 110 


19 


112° 


20'— 112° 


34' 


112° 28' 




110 : 110 


18 


67 


25— 67 


51 


67 33 


67° 32' ! 


100 : 110 


4 


56 


13— 56 


16 


56 14 


56 14 ') 


122:110 


12 


70 


45— 71 


9 


70 54 


— 


110 : 122 


6 


109 


1—109 


13 


109 8 


109 6 | 


122 : 122 


9 


71 


9—71 


20 


71 13 


. — j 


100 : 122 


12 


73 


15— 73 


48 


73 33 


73 37 ! 


110 : 122 


6 


50 


5—50 


14 


50 9 


50 9 | 


122 : 110 


6 


129 


44 —130 





129 49 


129 51 \ 


100 : 102 


1 




— — — — • 




69 53 


69 42 1 





f\ 



Fig. 7.— C«H q CLSO,K. 



'6"3 vl 2 k 




Fig. 8.— CJIoCLSOoNa.HoO 



gixgv-^ 3 J 



Sodium p-dichlorobenzenesulphonate, CeHsC^SOsJSTa.B^O. — This monohydrate 
was described by Lesimple. I have obtained another hydrate which forms 
massive crystals which effloresce with great rapidity in air. 

Measurable crystals of the monohydrate were obtained from aqueous 
solutions at 37° C. It forms massive plates or oblique six-sided tables 
growing upon the form a{l00}. The other forms observed were c{001} ? 
£{101}, m{102},r{110}, p{122} 9 q{322}. There is a perfect cleavage parallel 
to &{100} from which form an optic axis emerges perpendicularly. The 
larger crystals appear from the analytical results to enclose water (see fig. 8). 
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Water : found 7*25 per cent. ; CeHgClsSOsNa.E^O requires 6*75 per cent. 
Sodium : found, in anhydrous salt 9*21 per cent. ; CeHsC^SOslSTa requires 

9*23 per cent. 
System : Monosymmetric. 
Axial ratios : a : b : c = 3*0529 : 1 : 1*9583. £ = 88° 46'. 



Angle. 


No. of 

observations. 


Limits. 


Mean 

observed. 


Calculated. 


100 : 101 


15 


56° 


22'— 56° 


35' 


56° 21* 




101 : 001 


13 


Qua 


20— 32 


32 


32 26 


32° 19' 


100:001 


11 


88 


37— 88 


55 


88 50 


88 46 


001 : 100 


12 


91 


2— 91 


12 


91 7 


91 14 


001 : 102 


4 


17 


49— 18 


2 


17 55 


17 54 


102 : 100 


5 


73 


0—73 


43 


73 15 


73 20 


100 : 122 


23 


80 


54— 81 


17 


81 9 


— 


122 : 100 


23 


98 


41— 99 


2 


98 51 


98 51 


100 : 322 


2 


65 


44— m 


1 


65 52£ 


65 54 


322 : 122 


2 


15 


12— 15 


16 


15 14 


15 15 


122 : 122 


12 


56 


30— 56 


54 


56 43 


— — 


122 : 122 


12 


122 


58 —123 


27 


123 17 


123 17 


101 : 110 


4 


79 


49— 80 


10 


80 


80 6 


110 : 101 


4 


99 


49—100 


10 


100 


99 54 


101 : 122 


4 


62 


35— 62 


46 


62 42 


62 39 


122 : 101 


4 


117 


12—117 


27 


117 16 


117 21 


100:110 


4 


71 


42— 71 


54 


71 49 


71 52 


110 : 110 


2 


36 


19— 36 


.27 


36 23 


36 16 



Zinc p-dichlorobenzenesulphonate, Zn(C 6 H 3 Cl2S03)2.8H 2 0. — This salt crystal- 
lises in groups of long prisms when a hot solution is allowed to cool or in 
single short prisms when a cold saturated solution is allowed to evaporate. 
The crystals are always slightly distorted, opposite faces not being quite 
parallel. The most prominent form developed is a{100} ? the other forms 
on the prism zone being g{101}, <s{T01}, jp{301} ; this zone is striated 
and no angles measured in the zone were used in calculating the axial ratios. 
The faces forming the prism ends were beautifully developed, the forms being 
r{lll}, £{012}, s{lll}. No definite cleavage could be detected (see fig. 9). 
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Water: found 22'42 per cent.; (C 6 H 3 Cl2S0 3 ) 2 .Zn.8H 2 requires 2177 

per cent. 
Zinc : found 9*89 per cent. ; calculated 9*88 per cent. 
System: Monosymmetric. 
Axial ratios : a : b : e = 2*9985 : 1 : 2*4539. = 79° 20'. 



Angle. 


No. of 
observations. 


Limits. 


Mean 
observed. 


Calculated. 


101 : 111 


15 


59° 


44'— 59° 


51' 


59° 47' 




101 : 111 


7 


60 


20—60 


29 


60 26 


60° 26' 


001 :012 


15 


50 


18—50 


27 


50 20 


— 


012 : 012 


7 


79 


14—79 


23 


79 19 


79 20 


001 : 111 


12 


65 


30—65 


42 


65 38 


— 


111 : 111 


8 


42 


45—43 


1 


42 51 


42 49 


HI : 001 


7 


71 


23—71 


37 


71 31 


71 33 


100 : 111 


6 


68 


52 —69 





68 57 


68 56 


111 : 111 


4 


34 


40—34 


44 


34 42 


34 44 


111:001 


4 


76 


19—76 


24 


76 21 


76 20 


101 : 111 


2 


64 


9—64 


12 


64 10t 


64 8 


100 : 101 


14 


44 


30—44 


53 


44 40 


44 24 


101 : 001 


11 


34 


33—34 


52 


34 41 


34 56 


100 : 001 


12 


79 


16—79 


29 


79 23 


79 20 


001 : 101 


3 


43 


28—43 


34 


43 31 


43 28 


101 : 301 


3 


33 


41 —33 


48 


33 45 


33 47 


001 : 301 


12 


. 77 


14—77 


23 


77 18 


77 15 


301 : 100 


16 


23 


16—23 


25 


25 19 


23 25 



Magnesium p-dichlorobenzenesulphonate, (CeHsC^SOs^Mg.SH^O. — Well- 
developed crystals of this salt were obtained in the form of fairly stout 
plates or short prisms by allowing an aqueous solution to evaporate slowly 
at 25° C. The angular measurements of the crystals are almost identical 
with those of the zinc salt. The crystals belong to the hemimorphic class 
of the monosymmetric system, as they are destitute of a plane of symmetry, 
the two ends of the prisms (which are elongated in the direction of the 
b axis) being differently developed. The form {212} invariably appears on 
only one end of the prism, being sometimes so largely developed at that end 
that other forms are almost entirely suppressed. The prisms appear to 
consist of two individuals imperfectly twinned on {010}, and to be expanded 
in a belt around the middle of the prism ; moreover, the faces on opposite 
ends of the prism are never truly parallel. 




Fig. 10.— Mg(C 6 H 3 Cl 2 S0 3 ) 2 .8H 2 
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The forms developed are the same as those obtained in the case of the 
zinc salt, together with the hemimorphic form {212}. The habit is slightly 
different from that of the zinc salt, as a comparison of the two figures will 
show. The prism zone is badly striated parallel to the h axis. No definite 
cleavage was detected (see fig. 10). 

Water : found 22*66 ; calculated 23*23 per cent. 

System : Monosymmetric hemimorphic. 

Axial ratios : a : h : c = 2*9970 : 1 : 2*4450. /3 = 79° 41A'. 



Angle. 


No. of 

observations. 


Limits. 


Mean 
observed. 


Calculated. 


101 : 111 
111 : 111 
111:111 
100 : 111 
111 : 111 
111 : 100 
001 : 111 
111 : 111 
111 : OOl 
100 : 212 
212 : 012 
012 : 100 
001 : 012 
212 : 111 


15 
8 

12 
9 

16 

11 
1 
7 
2 
4 
2 
2 
4 
4 


59° 45'— 59° 54' 
60 16 —60 26 
51 41 —52 19 
68 46 —69 17 
34 31 —34 48 
76 5 —76 " 24 

42 50 —43 6 
71 19 —71 29 
67 34 —67 52 

83 12 —83 22 
50 16 —50 22 
18 2 —18 10 


59° 49' 
60 23 
51 57 
69 2 
34 43 
76 14 
65 35 
42 57 
71 24 
67 47 
28 53 
83 17 
50 19 
♦ 18 6 


60° 22' 

69 3 

76 14 
65 41 
42 56 
71 23 
67 43 
28 52 
83 25 
50 16J 
18 16 



The values are 


summarised 


in the following table : — 




Salt. 


"W\ 


Axial ratios. 
a : b : c. 


0. 


Fractions 
used. 


Equivalence parameters.* 


(C 6 H 5 S0 3 ) 2 Zn.6H 2 

(C 6 H 6 S0 3 ) 2 Mn.6HoO 

(C 6 H 5 S0 3 ) 2 Mg.6H;0 

(0 6 H 6 SO s ) a Od.6H a O 

(C 6 H 5 S0 3 ),Cu.6H 2 


100 
100 
100 
100 
100 


3*546 
3-602 
3-538 
3-645 
3-653 


: 1 : 1 -108 

1 : 1 -1142 
.1:1 -1099 
: 1 : 1 -123 
,1:1 -114 


86° 

86 

86 

86 

86 


6' 
24£ 
38 
201 
38 


4c/3 
4cj3 
4c/3 
4e/3 
4c/3 


9 -4844 : 3 *9513 : 2 '6747 ; 
9 -5640 : 3 *9448 : 2 '6552 
9 -4940 : 3 '9321 : 2 6834 ! 
9 '6160 : 3 -9500 : 2 6381 1 
9 -6547 : 3 -9257 : 2 '6430 ! 


(0 6 H40H 8 .SO») 2 Zn.6H 8 O 

(C 6 H 4 CH 3 .S0 3 ) 2 Mn.6H,0 

(C 6 H 4 CH 3 .S0 3 ) 2 Mg.6H 2 


112 
112 
112 


4-020 . 
4-078 
4*035 : 


1 : 1 -1081 

•1:1 -1131 

1 : 1 -1055 


88 
88 
88 


26 

181 

27| 


4c/3 

4c/3 

4e/3 


10 *709 : 3 -9266 : 2 '6637 i 
10 -7882 : 3 -9261 : 2 -6454 
10-7362:3-9220:2-6608 \ 


(C 6 H 3 Cl 2 S0 3 ) 2 Zn.8H 2 ... 
(C 6 H 3 Cl 2 S0 3 ) 2 Mg.8H 2 ... 


108 
108 


2 '4539 : 1 : 2 '9985 
2*4450: 1 : 2 '9970 


79 
79 


20 
411 


Sa/2, c/2 

3aj2, cj2 


9-9770:4-0637:2-7106 
9 9507 : 4 -0658 : 2 -7132 


(C 6 H 4 CH 3 S0 3 )NH 4 .... 

(CgH 4 CH 3 S0 3 )X.H20 

(C 6 H 4 OH 3 S0 3 )Ag 

(C 6 H 3 01 2 SO 3 )Na.H2O 
(C 6 H 3 01 2 SO 3 )K 


50 
48 
44 
42 
38 


-8922 : 1 : 1 '4505 

-8650 : 1 : 3 '2982 

1 -4329 : 1 : 2 -5286 
1 -9583 : 1 : 3 '0529 
7636 : 1 : 1 -5054 


90 
90 
87 
88 
83 





14i 
46 

27% 


Sa/2, c/2 
2a, c/4} 

c/3 
2a\3, c/4 
3a\2, c/2 

2a, 3e/4 
2a, 3c/4 


5-1030:3-6758:2-6656 
3 -2285 : 5 '5854 : 2 -6618 

3 -3163 : 4 *7520 : 2 '7957 

4 -5650 : 3 *4965 : 2 6563 

4 *0548 : 3 *5401 : 2 '6646 i 


C 6 H 3 01 2 SO 3 H.3H 2 O ... 

or 


50 
150 


-2918 : 1 : '6255 
-2918 : 1 : '6255 


79 
79 


36 
36 


3 -3296 : 5 -7050 : 2 '6763 

9 -9888 : 5 '7050 : 2 -6763 ! 

I 

! 



* The choice o£ symbols for the parameters being arbitrary, the values have been arranged so as to bring, 
them into harmony and are not always in the order corresponding to the axial ratios. 
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A. glance at the column of equivalence parameters shows that, throughout 
the series, with one exception, one parameter has a practically constant 
value, as it varies only between 2*64 and 2*68, the mean value being 2*658. 
This value has been met with in all the salts of tervalent metals previously 
discussed and must be taken to represent the distance between corre- 
sponding points in successive layers of benzene complexes in rhombohedral 
marshalling. The occurrence of this value is proof that in the crystalline 
structure of all the salts considered, as in those of tervalent metals, the 
substituting groups are not intruded between the layers of benzene complexes 
but are included within and form part of these layers. 

In view of the conclusion that the crystalline form of _p-dichlorobenzene- 
sulphonic acid is similar to that assumed by salts of tervalent metals and 
that its molecules become grouped in triads, it is important to consider 
whether there be any evidence of such an arrangement in the case of the salts 
of monad metals. In only one instance, that of potassium p-toluenesulphonate, 
does this appear to be immediately obvious. The axial ratio a : b in this salt is 
0*865 :1, a value almost identical with the ideal trigonal ratio 0*866 : 1. It 
will be noticed that the parameter values of this salt are very similar to those 
of dichlorobenzenesulphonic acid and that the two compounds have nearly the 
same valency volume. It is further legitimate to assume that as the value 
2*6618 represents the thickness of each layer, the z value (3*2285) is that in 
the direction DO in fig. 6, the y value (5*8855) being that of AD. 

In silver toluene-p-sulphonate one parameter has the value 2*7957, which 
is practically that of the z parameter of the second form of benzene, 2*780. 
It is highly probable, therefore, that the crystal structure of this compound is 
modelled on the hexagonal type of benzene marshalling, not the rhombo- 
hedral. It has been pointed out already that the two modes of arrangement 
differ essentially only in the manner in which successive layers of benzene 
complexes are packed together one upon the other. 

It is conceivable that the trigonal arrangement prevails also in this salt and 
that it differs merely in being derived from "hexagonal" rather than 
" rhombohedral benzene/' Further, it may be regarded as not improbable 
that the remaining salts of the group are similarly constituted, though the 
evidence is of such a character that no definite conclusion is possible at present. 

Though the equivalence parameters of the rhombohedral type of benzene are 
not known, they are probably numerically very close to those of ^?-diiodo- 
benzene. The equivalence parameters of this substance are 

x:y:z = 3*1402:3*6161:2*6419. 

When one hydrogen atom is displaced by the sulphonie group, it is to be 
expected that a considerable elongation will be produced in one direction in 
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the crystal structure, that is to say, in the direction either of the x or of the 
y parameter; ifc may also be anticipated that the adjustments necessary to 
bring the assemblage into a close-packed condition would involve a certain 
amount of distortion which would affect the dimension of the other parameter. 
The introduction of molecules of water of crystallisation would also produce a 
dimensional change, probably an elongation in the same direction as that 
affected by the sulphonic group ; a methyl group in the ^-position might 
be expected to produce an elongation in the same direction. Finally, it is to 
be supposed that one parameter in each of the salts would correspond more 
or less closely with either the x or the y value of rhombohedral benzene, i.e. 
with 3*140 or 3*616 ; the other should be considerably greater. 

It is uote worthy, therefore, that in the three salts under consideration the 
y parameter approaches as closely as can be expected to the y value, 3*616, of 
^-diiodobenzene, the third parameter being considerably elongated and varying 

according to the nature of the compound. 

Equivalence parameters. 
Salt x y z 

C 6 H 3 Cl 2 S0 3 .ISra.H 2 4*5650 : 3*4965 : 2*6563 

C 6 H 3 C1 2 S0 3 .K 4*0548 : 3*5401 : 2*6646 

C 6 H 4 CH 3 S0 3 .¥H 4 5*1030 : 3*6758 : 2*6656 

As the argument adopted in the previous communication and also in the 
present has been that there is close analogy in structure between ^-diiodo- 
benzene and the sulphonates of pseudo -trigonal form, this close correspondence 
between the salts of the monad metals and the diiodo-compound might be 
regarded as an indication that these latter salts are also of pseudo-trigonal 
form. If this point of view be accepted, the y values should be trebled and, 
therefore, are not to be compared with those of the salts of bivalent metals. 

A second possibility, however, is that in some cases the structure of the 
salts of monad metals is similar to that which appears to be characteristic of 
those of dyad metals now to be discussed, two atoms of the monad metal 
taking the place of the dyad. Probably such questions as these will be settled 
only by the study of the optical properties of the salts or by the application 
of methods such as are now being developed involving the use of X-rays. 

Passing to the salts of bivalent metals, the marked elongation of the 
x parameter is the striking feature (see table, p. 307). It is scarcely possible 
to doubt that the influence of the metallic atoms is exercised from a mean 
position between two "" lines " of benzene molecules which become thrust apart 
by the intrusion of the sulphonic radicles connected in pairs with the metallic 
atoms and the attendant molecules of water. This mode of arrangement is repre- 
sented in fig. 11, which is drawn to scale in the manner already explained. 
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On contrasting the parameter values with the dimensions of the full-line 
figure, which is constructed from the assumed parameter values of rhombo- 
hedral benzene and the valency volume of the salt, it appears that whilst 

slight compression is exercised in one 
direction (that of x) there is a corresponding 
expansion in the direction at right angles 
to x. 

This alteration, which is shown by the 
broken line figure, corresponds to that 
involved in the case of trigonal salts in the 
compression of the irregular figure into the 
triangular form. It may be taken to 
represent the orienting intiuence exercised at 
and from the centre of the metallic atom. 

It appears to be a noteworthy point that 
whereas in the case of the salts of triad and 
monad metals a perfect cleavage plane exists 
in the plane of the layers of benzene, no 
such cleavage is manifest in salts of the 
dyad metals. On reference to fig. 6, it is 
noticeable that whereas, in the case of the 
triad metallic salts, the three hydrogen 
atoms displaced are in one plane, the two 
atoms displaced by the salts of the dyad metal are in different planes. 

Obviously if the atoms thus displaced were those belonging to different 
benzene molecules in two superposed layers, the benzene layers would be tied 
together and it is not only conceivable but to be expected that in such a case 
there would be no cleavage plane. 

The present inquiry has shown that in selecting for study paradibromo- 
benzenesulphonic acid and the rare earths a peculiarly fortunate choice was 
made, as attempts to use other acids and other oxides of tervalent metals have 
been attended with but little success. The acids used unsuccessfully include 
^-diiodobenzenesulphonic, p - bromobenzenesulphonic, 1*3 - dibromobenzene- 
4-sulphonic, l*3-dibromobenzene-5-sulphonic, m-nitrobenzenesulphonic and 
m- and p-benzenedisulphonic acids. The salts derived from ^-diiodobenzene- 
sulphonic acid are noteworthy on account of their slight solubility in water ; 
they crystallise in thin flakes unsuitable for goniometric measurement. The 
following figures show how much less soluble the salts of the diiodo-acid are 
than those of the dibromo-acid : — 




Fig. 11. 
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Anhydrous salt dissolved 
Salt. per 100 grm. water at 25*1° C. 

La(C 6 H 3 Br 2 S0 3 )3.9H 2 % 4'52 grm. 

]S T d(C 6 H 3 Br 2 S0 3 )3.9H 2 6-81 „ 

Nd(C 6 H 3 I 2 SO 3 ) 3 10H 2 O . 1-21 ■„ 

Of the salts of the other acids used, none crystallised well from water, most 
of them being very soluble ; nor were better results obtained when either 
alcohol or ethylic acetate or mixtures of these with water were used as solvents. 

In the hope of gaining information which would be of service in determining 
the position of the rare earths in the periodic scheme of classification, the 
ferric, chromium and aluminium salts of ^-dibromobenzenesulphonic acid 
were studied ; unfortunately, these all crystallise with much water in masses 
of very fine needles and have not been obtained in measurable form. The 
normal ferric salt, a white compound, is stable only in presence of an 
excess of acid : water readily hydrolyses it into a yellow basic salt,. 
Fe(OH)(C 6 H 3 Br 2 S0 3 ) 2 .12H 2 : this is further decomposed by water in neutral 
solution and converted into a more basic salt the composition of which has 
not been determined. 

Although it has not therefore been possible to establish any morphotropic 
relationship between the salts of the rare earth metals and those of other 
tervalent metals, yet it is extremely probable that some such relationship does 
exist. In this connexion, it is interesting to note that Bodman* has shown 
that the nitrates of didymium and bismuth are isodimorphous and crystallise 
together. 

The p-IKhromobenzenemlphonates of Iron, Chromium and Aluminium. 

The following is a brief account of these salts, which have not hitherto 
been described. In each case the salt was prepared by dissolving the 
hydroxide of the metal, purified by dialysis, in a solution of the sulphonic acid. 

Ferric p-dibromobenzenesidphonate. — Ferric hydroxide dissolves only to a 
limited extent in jp-dibromobenzenesulphonic acid. The solution so obtained 
is dark yellow when hot but colourless when cold; it deposits the 
normal ferric salt in the form of a mass of very fine white needles. This 
salt cannot be recrystallised from water, since it is stable only in 
presence of excess of acid. For analysis it was filtered from the solution, 
washed with cold water and dried on a porous plate ; on standing, it 
gradually became yellow, owing to loss of water. The ratio of metal to 
acid radicle was determined by dissolving the salt in cold water, precipi- 
tating the iron with ammonia and weighing as Fe 2 3 , the amount of 

* ' Ber., J vol. 31, p. 1237. 
VOL. LXXXIX. — A. 2 B 
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■ammonium ^-dibromobenzenesulphonate left in solution being determined by 
evaporating to dryness and weighing. The mean of two determinations gave 

Fe : (C 6 H 3 Br 2 SG 3 ) = 1 : 2*985. 

The results obtained for the sample analysed agreed with the formula 
Fe(CeH3Br2S03)3.13H20 but it is doubtful whether this be the true formula. 

Fe (C H 3 Br 2 SO 3 ) H 2 

Calculated 4*53 per cent. 76*52 per cent. 18*95 per cent. 

Found 4*55 „ 76*39 „ 19*69 

The salt dissolves readily in alcohol and ether giving yellow solutions. 

Basic Ferric p-clibromobenzenesidphoncde. — When the normal salt is 
dissolved in warm water and the solution is allowed to cool, a basic salt 
separates in the form of golden yellow spangles. This salt is itself 
decomposed by warm water giving a brick-red coloured precipitate which 
has not been analysed. The analytical figures for the yellow salt agree 
with the formula Fe(OH)(C 6 H 3 Br 2 S03)2. 12H 2 0. 

Fe EUO 

Calculated 6*05 per cent. 23*50 per cent. 

Found 6*06 „ 23*92 

Chromium p-dibromobenzenesulphonate. — This salt crystallises from aqueous 
solution in masses of fine bluish needles, very soluble in water, giving a 
dichroic solution. It is soluble also in alcohol and ether. The analytical 
results agree with the formula C^CeH^Bi^SOs^.MH^O. 

Eatio Cr : (C«H 3 Br 2 S0 3 ) = 1 : 2*86. 

Cr (C 6 H 3 Br 2 S0 3 ) H 2 

Calculated 4*21 per cent. 75*62 per cent. 20*17 per cent. 

Found 4*42 „ 75*60 „ 19*87 

Aluminium p-dibromobe?izenestdphonate. — This salt crystallises in masses 
of fine white needles from aqueous solution. It is easily soluble in water 
and in alcohol and ether. Analytical results agree with the formula 
A^CeHsBi^SOs^. 18 H2O. * 

Eatio Al : (C 6 H 3 Br 2 S0 3 ) found = 1 : 3*00. 

Al (C G H 3 Br 2 S0 3 ) H 2 

Calculated 2*09 per cent. 72*91 per cent. 25*0 per cent. 

Found 2*10 „ 73*50 „ 24*0 

Scandium p-dibromobenzenesidphonate. — This salt crystallises from aqueous 
solution in colourless, long, thin striated plates belonging to the mono- 
symmetric system. Analysis agrees with the formula Sc(C6H3Br 2 S03)3. 14H 2 0. 

Water : found 20*30 ; calculated 20*30 per cent. 
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Cobaltous p-dibromobenzenemlphonate. — The salt was obtained in an attempt 
to prepare the eobaltic salt by neutralising the acid with eobaltie oxide ; it 
crystallises in long thin pink needles. Analysis agrees with the formula 
Co(C 6 H 3 Br 2 S0 3 )2.9H 2 0. 

Water : found 18*96 ; calculated 19*04 per cent. 

Cobalt in anhydrous salt : found 8*57 ; calculated 8*56 per cent. 

Summary. 

The present account is an extension of the previous communication in 
which it was shown that the p-dibromobenzenesulphonates of several of the 
tervalent rare-earth metals all crystallise in pseudo-trigonal forms. In the 
light of the Barlow-Pope hypothesis these are to be regarded as so constituted 
that the molecules are arranged in layers in a plane at right angles to the 
pseudo-trigonal axis. 

Each such layer appears to be of the thickness attributed to a single layer 
of benzene molecules in crystalline benzene or one of its halogen derivatives. 

In the formation of the sulphonate the benzene structure is opened out to 
admit of the introduction of the sulphonic radicles, of the metallic atoms 
and of water molecules between the benzene molecules in such manner that 
the trigonal symmetry of the original structure is either preserved or at most 
only slightly modified. 

It is now shown that similar conclusions may be drawn with reference to 
the structure of p-dichlorobenzenesulphonic acid, several salts of which 
isomorphous with jp-dibromobenzenesulphonates are described. 

The structure of sulphonates containing monad and dyad metals is also 
discussed. It is argued that in the formation of the latter the molecules of 
benzene in contiguous rows become separated by the intervention of the 
sulphonic radicles (together with water) which are united in pairs by the 
metallic atom. 

The structure of the salts containing monad metals appears in some cases 
to be pseudo-trigonal like that of the acid ; in others to resemble that of 
salts of dyad metals. 

Diagrams to scale are given illustrating the molecular structure of the 
several types of crystal. 

It is proposed to study the optical properties of crystals of salts such as those 
described, in the hope of discovering criteria significant of the several types. 
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